ionized water. The sample was dried in air, further dried under vacuum 100 °C for 2 h, followed by treating in a stream of H 2 at 200 °C for 3 h to yield Au-Pd/EN-MIL-101.
Catalyst Characterization
Powder X-ray diffraction patterns of the samples were obtained on a Rigaku diffractometer (D/MAX-IIIA, 3 kW) using Cu K radiation (40 kV, 30 mA, 0.1543 nm).
BET surface area and pore size measurements were performed with N 2 adsorption/desorption isotherms at 77 K on a Micromeritics ASAP 2020 instrument.
Before the analysis, the samples were evacuated at 150 C for 12 h.
The metal contents of the samples were determined quantitatively by atomic absorption spectroscopy (AAS) on a HITACHI Z-2300 instrument.
TEM micrographs were recorded on a FEI Tecnai G 2 fitted with a CCD camera for ease and speed of use. The resolution is around 0.4 nm. Samples were suspended in ethanol and deposited straight away on a copper grid prior to analysis.
XPS (aka ESCA) measurements were performed in a ultra high vacuum (UHV) multipurpose surface analysis system (Specs TM model, Germany) operating at pressures <10 -10 mbar using a conventional X-Ray source (XR-50, Specs, Mg-Kα, 1253.6 eV) in a "stop-and-go" mode to reduce potential damage due to sample irradiation. The survey and detailed high-resolution spectra (pass energy 25 and 10 eV, step size 1 and 0.1 eV, respectively) were recorded at room temperature with a Phoibos 150-MCD energy analyser. Samples were deposited on a sample holder using double-sided adhesive tape and subsequently evacuated under vacuum (<10 -6 Torr) overnight. Eventually, the sample holder containing the degassed sample was transferred to the analysis chamber for XPS studies. Binding energies were referenced to the C1s line at 284.6 eV from adventitious carbon.
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The surface acidity was measured in a dynamic mode by means of a pulse chromatographic technique of gas-phase adsorption of PY (sum of Brönsted and Lewis acid sites) and 2,6-dimethylpyridine (DMPY, Brönsted sites) as probe molecules.
DRIFTs characterisation of surface acidity involved the titration of the acid sites with PY. The basic probes were introduced by bubbling a stream of dehydrated and deoxygenated nitrogen through the liquid and into the sample chamber containing the neat (no KBr diluted) catalyst sample. Samples were equilibrated for at least 1 h at each temperature and reactant condition prior to collecting the spectra. Reactant excess was purged from the sample chamber.
Catalytic Measurements

General procedure for the hydrocarbon oxidation
The oxidation reactions was performed in a 20 mL Teflon-lined stainless steel autoclave quipped with a pressure gauge and a magnetic stirrer. The autoclave was connected to an oxygen cylinder, and the reaction pressure was controlled with a precise gas regulator, so that oxygen of fixed pressure could be supplied continuously. Typically, hydrocarbon (47 mmol) and a required amount of catalyst were loaded into the reactor.
The autoclave was sealed, cooled to 0 C by placing it to an ice bath, and purged several times with O 2 to remove the air. Then the reactor was pressurized with O 2 and loaded in an oil bath, which was preheated to the target temperature. After the reaction, the autoclave was cooled to 0 °C in an ice bath. The gaseous products were collected with a gas bag, and subsequently analyzed by a GC equipped with a TCD detector. The GC traces of the gaseous samples indicate that no CO 2 was produced in the oxidation reactions.
The solid catalyst was isolated from the solution by centrifugation. The reaction products were quantified and identified by GC-MS and GC analysis (a 0.25 mm × 30 m DB-WAX
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capillary column). The carbon balance values calculated for all the reaction tests were around 100% (100 ± 3%).
Recycling of the Au-Pd/MIL-101 catalyst
The recyclability of the Au-Pd/MIL-101 catalyst was tested for toluene oxidation maintaining the same reaction conditions as described above, except using the recovered catalyst. Each time, the catalyst was separated from the reaction mixture by centrifugation at the end of catalytic reaction, thoroughly washed with toluene, and then reused directly as catalyst for the next run. Furthermore, the isolated reaction solution was analyzed for leached metals by atomic absorption spectroscopy (AAS) and metal concentrations were below the detection limits.
Heterogeneity of the catalyst
To verify whether the catalysis of Au-Pd/MIL-101 is truly heterogeneous, the solid hot filtered from the reaction solution after 7 h and the reaction was continued with the filtrate in the absence of solid catalyst for an additional 9 h. The isolated reaction solution was analyzed for leached metals and levels were below the detection limits.
